INTRODUCTION
Adipose tissue has not, in general, been considered to play an important role in amino acid metabolism. It has been shown that '4C from [14C]leucine or [14C] alanine is incorporated into triacylglycerol in isolated adipose tissue (Feller, 1965) and, more recently, that branchedchain amino acids are metabolized by isolated adipose tissue, with the release of alanine and glutamine (Tischler & Goldberg, 1980) . The latter finding suggested that adipose tissue metabolized amino acids in a similar manner to skeletal muscle, with the additional capability of converting some of the carbon into triacylglycerol (for review, see Newsholme & Leech, 1983) .
Consequently, it was surprising to find a considerable activity of the enzyme that utilizes glutamine, namely phosphate-dependent glutaminase, in adipose tissue (Cooney et al., 1986) and that the activity, per mg of protein, was greater than that in liver and was similar to that in lymphocytes [cf. data of Cooney et al. (1986) with those of Newsholme et al. (1986) ]. Lymphocytes are known to utilize glutamine at a very high rate, a rate which is similar to that in rapidly-dividing cells and tumour cells (Ardawi & Newsholme, 1982 . The presence of a high activity of this enzyme in adipose tissue raised the question of whether this tissue could utilize glutamine and, if so, what is the fate of glutamine, and does the rate of utilization and its fate change under different conditions?
MATERIALS AND METHODS
Animals, chemicals, biochemicals and enzymes were obtained from sources given previously Newsholme et al., 1986 Newsholme et al., , 1987 Green & Newsholme (1979) . Adipocytes and stromal vascular cells were separated as described by Green & Newsholme (1981) . Adipose tissue was obtained from several sites in the rat, and was extracted as described previously (Cooney et al., 1986) . Glutaminase activity was assayed as described by Curthoys & Lowry (1973) ; the assay medium contained 150 mM-phosphate buffer (equimolar mixture of K2HPO4 and KH2PO4), 0.2 mM-EDTA, 50 mM-Tris/HCl, 20 mM-glutamine and 10-20 1l of extract [treated immediately before assay with 1 % (v/v) Triton X-100] at pH 8.6 in final volume of 1.0 ml. The assay was initiated by addition of freshly prepared glutamine, and the medium was incubated at 37°C for 10 min (preliminary experiments established that the time course was linear for at least 10 min). The reaction was stopped by addition of 0.2 ml of 25 % (w/v) HC104, and protein was removed by centrifugation; the supernatant was neutralized with KHCO3, and the concentration of glutamate determined as described by Bernt & Bergmeyer (1974) . Preliminary experiments suggested that the conditions of extraction and assay were optimal for glutaminase activity; see Cooney et al. (1986) . Protein was assayed as described by Bradford (1976) . Adipocytes were incubated as described by Green & Newsholme (1979) , and the '4CO2 was collected as described by Leighton et al. (1985) . To measure the incorporation of 14C into triacylglycerol from the 14C-labelled substrates, the following procedure was used: adipocytes were ruptured by the addition of 5 ml of propan-2-ol/n-heptane/ M-H2S04 (40:10:1, by vol.), and the triacylglycerol was extracted by addition of 3 ml of n-heptane and 2 ml of water. The aqueous layer was separated by freezing with solid CO2, and the upper heptane layer was transferred to scintillation vials, evaporated to dryness under compressed air, and the radioactivity incorporated into triacylglycerol was determined after the addition of scintillant.
RESULTS AND DISCUSSION
The activity of glutaminase in extracts of epididymal adipose tissue from normal rats (six) was found to be 0.82+0.08, 3.3+0.32 and 15.1+2.1,umol/min per g fresh wt., ,umol/min per g dry wt. and nmol/min per mg of protein respectively. These values are similar to those published previously for adipose tissue (Cooney et al., 1986) and, on a mg-of-protein basis, are approximately one-third of those in rat lymphocytes or kidney (40 nmol/min per mg of protein; Ardawi & Newsholme, 1984; Newsholme et al., 1986) . The activities of glutaminase were measured in several adipose-tissue sites in both lean control and Zucker obese rats (Table 1) . On the basis of mg of protein, glutaminase activity demonstrated considerable variation between sites, with lower activities found in epididymal and brown adipose tissue. In general, the activities are lower in the obese animal. This finding indicates that the rate of conversion of carbon from glutamine into triacylglycerol is unlikely to play a major role in the cause of obesity in the Zucker rat. It seemed possible that the glutaminase activity could be contained in the stromal-vascular cells rather than in the adipocytes; the two types of cells were separated by centrifugation (see Green & Newsholme, 1981) ; the major activity (> 90 %) was associated with the adipocyte (results not shown). An important question is whether the presence of glutaminase activity is indicative of an ability of the tissue to utilize glutamine and, if so, what is the fate of the glutamine? Adipocytes incubated with 2 mmglutamine utilized glutamine at a rate of almost 2 ,umol/ h per g dry wt. (Table 2 ). The presence of glutamine increased the rates of formation of ammonia, glutamate, alanine and lactate (Table 2) ; the rate of production of aspartate was almost zero (results not shown); about 40 % of the glutamine utilized was recovered as glutamate. All of the nitrogen from the utilized glutamine could be accounted for as ammonia, glutamate and alanine. However, the rates of production of glutamate, alanine and lactate exceeded that of glutamine used ( Table 2 ), suggesting that metabolism of glutamine may have facilitated an increased rate of utilization of an endogenous non-nitrogen-containing fuel (e.g. glycogen).
When glucose and insulin were added together to the incubation medium, the rate of glutamine utilization and those of ammonia, glutamate, lactate and alanine production were increased (Table 2) . However, when added separately they had no effects on the rates of utilization or production (Table 2) . fl-Adrenoreceptor agonists are known to influence metabolism in adipose tissue (see Smith & Saggerson, 1978) , so that it was important to assess their effects on glutamine metabolism. The fl-agonist isoprenaline was chosen since it is chemically stable during a 60 min incubation period. It increased the rate of glutamine utilization, and particularly increased the rate of alanine formation (Table 2) . phosphorylase activity in incubated adipocytes (Cheng & .2 Lamer, 1987) . The highest rate of glutamine utilization W6 o 6 0 was observed in the presence of isoprenaline and glucose°( less; addition of insulin alone had no effect on rate of -9 ,IIa either CO2 or triacylglycerol formation from either e E amino acid (Table 3 ). The presence of unlabelled glucose 0 0 8 had no effect on the rate of incorporation of 14C from 0+1+1 I I+1 +1o+1 0H glutamine or glutamate into CO2, but increased that into a triacylglycerol: a similar effect was seen with leucine.
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However, addition of insulin plus unlabelled glucose, , .
although having no effect on CO2 formation, increased insulin on this process is achieved via an increase in the rate of glucose transport into the cell. The effect of insulin plus glucose or glucose alone is likely to be due to the increase of the concentration of glycerol 3-phosphate, the necessary cofactor for triacylglycerol synthesis. The results in Tables 2 and 3 suggest that, if conditions for lipogenesis and triacylglycerol formation are not favourable, much of the glutamine removed by adipose tissue is converted into glutamate and is lost to the tissue; if, however, conditions are favourable, the glutamate is further metabolized to acetyl-CoA to provide the precursor for lipogenesis. If this explanation is correct, it is of interest that the presence of unlabelled glutamine (plus insulin) does not decrease the rate of incorporation of ['4C]glucose into triacylglycerol (Table 3) : it is tempting to speculate that, in the presence of insulin, glutamine can further activate the process of lipogenesis, so that it or a metabolite derived from glutamine might act as a regulator of lipogenesis.
The rate of glutamine utilization by adipocytes was approx. 2 ,mol/h per g dry wt. For a 200 g rat, which possesses 10 % white adipose tissue, the total rate of utilization of glutamine by adipose tissue (assuming that all sites behave similarly) would be approx. 10 lmol/h.
